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This is an electronic version of the final report.  No signatures are necessary. 

REASON FOR REVISION 1 

In the original report, the test substance was referred to by the Haskell identification number of 
the dose material, the Haskell identification number of the analytical standard material, or the 
compound name.  To eliminate confusion, all Haskell identification number references were 
changed to compound name. 

SUMMARY 

The objectives of this study were to evaluate the clearance of FRD-902 in male and female 
cynomolgus primates and Sprague-Dawley rats following intravenous dosing, and to conduct a 
cross-species comparison of FRD-902 plasma elimination kinetics. 

Rats (3 males and 3 females per dose level) received a single 10 mg/kg or 50 mg/kg intravenous 
bolus of FRD-902 prepared in sterile phosphate buffered saline.  Six non-naïve Cynomolgus 
monkeys (3 male and 3 female) received a single 10 mg/kg intravenous bolus of FRD-902 
formulated in the same manner as the rat dose solution.  Blood was collected at multiple time 
points over 7 days (rat) or 21 days (primate) and the plasma concentration of FRD-902 was 
determined. 

FRD-902 was rapidly eliminated in primates and rats following a single intravenous dose.  
Clearance times were similar (less than 12 hours) among male and female primates and female 
rats, while slightly longer clearance times (approximately 22 hours) were observed in male rats.  
The results in rats dosed intravenously with FRD-902 were similar to those observed previously 
in rats following a single oral dose. 

Based on the results of a single dose oral study in mice, this species clears FRD-902 less rapidly 
than either the primate or the rat.  Clearance times in mice following oral dosing were 140 and 
60 hours in males and females, respectively.  Thus, among the 3 species evaluated, the plasma 
clearance of FRD-902 is most similar and more rapid in primates and rats, with mice having a 
comparatively longer clearance time. 
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INTRODUCTION 

The objectives of this study were to evaluate the clearance of FRD-902 in male and female 
cynomolgus primates and Sprague-Dawley rats following intravenous dosing, and to conduct a 
cross-species comparison of FRD-902 plasma elimination kinetics.  Previous pharmacokinetic 
studies in rats(1) and mice(2) dosed orally with FRD-902 showed that clearance was more rapid in 
the rat than in the mouse.  In both rodent species, clearance was more rapid in females compared 
to males.  The following study further characterizes the comparative elimination of FRD-902 to 
include primates. 

MATERIALS AND METHODS 

A. Test Substance 

FRD-902 was received at DuPont Haskell as an 82.6% concentrated aqueous solution and 
assigned Haskell identification number 28072.  Dose solutions were prepared by diluting this 
compound to the appropriate concentration in a physiological buffer acceptable for intravenous 
dosing. 

B. In-life Phase 

1. Rat 

A total of 6 Crl:CD SD rats (3 males and 3 females) per dose level were assigned to the study.  
The animals were fasted overnight prior to dosing and through the first 2 hours of blood 
collection.  The low dose group received a single 10 mg/kg intravenous bolus of FRD-902 
formulated in sterile phosphate buffered saline, pH 7.6 at a dose volume of 1 ml/kg.  The high 
dose group received a single 50 mg/kg dose of FRD-902 formulated in the same manner as the 
low dose.  Blood (approximately 0.1 ml per sample) was collected from the tail vein at predose 
and approximately 0.083 (5 min), 0.25 (15 min), 0.5 (30 min), 1, 2, 4, 8, 12, and 24 hours 
postdose.  Additional blood samples were collected once daily on test days 2-7.  Samples were 
centrifuged to generate plasma that was subsequently analyzed at DuPont Haskell. 

2. Primate 

The details for the in-life phase of the primate study are included in Appendix A.  Briefly, a total 
of 6 non-naïve Cynomolgus monkeys (3 male and 3 female) were assigned to the study.  The 
animals were fasted overnight prior to dosing and through the first 4 hours of blood sample 
collection.  All primates received a single 10 mg/kg intravenous bolus of FRD-902 formulated in 
sterile phosphate buffered saline, pH 7.6 at a dose volume of 2 mL/kg.  Blood (approximately 
0.5 mL per sample) was collected from the femoral vessel at predose and at approximately 0.083 
(5 min), 0.167 (10 min), 0.25 (15 min), 0.5 (30 min), 1, 2, 4, 8, 12, and 24 hours postdose.  
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Additional blood samples were collected once daily on test days 3-21.  Samples were centrifuged 
to generate plasma that was shipped to DuPont Haskell for analysis. 

C. Plasma Sample Analyses 

1. Rat 

The plasma samples were received and stored frozen prior to laboratory use.  The samples were 
prepared for analysis by pipeting 300 µL acetonitrile into a 1.5 mL microcentrifuge tube, and 
pipeting 100 µL of plasma sample.  The sample tubes were then vortexed for 1 minute and 
centrifuged at 14,000 RCF for 30 minutes.  After centrifugation, 200 µL of sample supernatant 
was placed into a HPLC vial and 800 µL of HPLC grade water was added and mixed.  As 
necessary, additional sample dilutions were performed using the 15% acetonitrile in HPLC grade 
water solvent to ensure that the sample responses were within the calibration curve.  For plasma 
samples that were diluted 20x and internal standard of PFOA was used to negate potential matrix 
effects.  The limit of quantitation (LOQ) for the study samples was 1 ng/mL, which was defined 
as the lowest calibration standard concentration multiplied by the sample preparation factor of 
20x.  The lowest calibration standard at 0.05 ng/mL had at least a 5x blank response and 
acceptable calibration curve accuracies within 80-120%. 

The prepared samples were analyzed by LC/MS using the following parameters: 

HPLC Instrument: Agilent Model 1200 
MS Instrument: Applied Biosystems API 4000 
  
LC Parameters:  
Column: Zorbax RX-C8; 2.150 x 4.6 mm with 5 micron particle size 
Mobile Phase: A:  0.15% formic acid in HPLC grade water 
 B:  0.15% formic acid in acetonitrile 
  
Column Temperature: 35ºC 
Injection Volume: 100.0 µL or 10 µL 
  
MS Parameters:  
Ion Source: Turbo Spray, Negative Ion 
Temperature (TEM): 300 
Dwell: 200 msec 
Curtain Gas Flow (CUR): 25.0 
GS1: 50 
GS2: 50 
IonSpray (IS) Voltage: -3500 
CAD: 10.0 
EP: -10.0 
Quadrupole Resolution: Quad. 1:  Unit 

Quad. 3:  Unit 
MRM Settings: Q1 Mass Q3 Mass DP CE CXP  
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FRD-902 1st Transition: 328.00 285.00 -15.00 -6.00 -7.00  
FRD-902 2nd Transition: 285.00 169.00 -40.00 -10.00 -3.00  
 Responses of 1st and 2nd transitions added together for analysis 
       
Internal Standard Trans.: 417.00 372.00 -30.00 -15.00 -11.00  
       
HPLC Mobile Phase Gradient:  Total Time Flow Rate A B  
 Step (min) (µL/min) (%) (%)  
 0 0.00 400 40.0 60.0  
 1 6.70 400 40.0 60.0  
 

2. Primate 

The plasma samples were received and stored frozen prior to laboratory use.  The samples were 
prepared for analysis by pipeting 100 µL of plasma sample into 1.7 mL centrifuge tubes.  Next, a 
pipet was used to add 300 µL acetonitrile.  The sample tubes were vortexed briefly to mix 
homogenously.  The samples were then centrifuged at 14,000 RCF for 10 minutes at 20ºC.  After 
centrifugation, 800 µL of HPLC grade water and 200 µL of sample supernatant were placed into 
HPLC vials and mixed.  As necessary, additional sample dilutions were performed using a 
dilution solvent (15% acetonitrile in HPLC grade water) to ensure that the sample responses 
were within the calibration curve. 

Prior to LC/MS/MS analysis a 13C-PFOA internal standard was added to all prepared samples, 
diluted samples, calibration standards, and fortification QC samples to correct for possible matrix 
effects.  The limit of quantitation (LOQ) for the study samples was 1 ng/mL, which was defined 
as the lowest calibration standard concentration multiplied by the sample preparation factor of 
20x.  The lowest calibration standard at 0.05 ng/mL had at least a 5x blank response and 
acceptable calibration curve accuracies within 80-120%. 

The prepared samples were analyzed by LC/MS using the following parameters: 

HPLC Instrument: Agilent Model 1100 
MS Instrument: Applied Biosystems API 4000 
  
LC Parameters:  
Column: Analytical:  Zorbax RX-C8; 2.1x150 mm with 5 micron 

particle size 
Delay:  Zorbax SB-C18 2.1x150 5 um particle size 

Mobile Phase: A:  0.15% acetic acid in HPLC grade water 
 B:  0.15% acetic acid in acetonitrile 
  
Column Temperature: 35ºC 
Injection Volume: 40.0 µL 
  
MS Parameters:  
Ion Source: Turbo Spray, Negative Ion 
Temperature (TEM): 300 
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Dwell: 200 msec 
Curtain Gas Flow (CUR): 20.0 
GS1: 30 
GS2: 30 
IonSpray (IS) Voltage: -3500 
CAD: 10.0 
EP: -10.0 
Quadrupole Resolution: Quad. 1:  Unit 

Quad. 3:  Unit 
MRM Settings: Q1 Mass Q3 Mass DP CE CXP  
FRD-902 1st Transition: 328.00 285.00 -15.00 -6.00 -7.00  
FRD-902 2nd Transition: 285.00 169.00 -40.00 -10.00 -3.00  
 Responses of 1st and 2nd transitions added together for analysis 
       
Internal Standard Trans.: 415.00 370.00 -30.00 -15.00 -11.00  
       
HPLC Mobile Phase Gradient:  Total Time Flow Rate A B  
 Step (min) (µL/min) (%) (%)  
 0 0.00 400 90.0 10.0  
 1 1.00 400 90.0 10.0  
 2 1.10 400 30.0 70.0  
 3 7.00 400 30.0 70.0  
 4 7.10 400 90.0 10.0  
 5 13.0 400 90.0 10.0  
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RESULTS AND DISCUSSION 

The average plasma concentrations for rat and primate are reported in Table 1.  The individual 
data are reported in Appendix C (rat) and D (primate).  The plasma concentration data was 
plotted against time (Figures 1-2, rat; Figure 3 primate) and clearance time was determined 
(Table 2). 

FRD-902 was rapidly eliminated in primates and rats following a single intravenous dose 
(Tables 2-3).  Clearance times were similar (less than 12 hours) among male and female primates 
and female rats, while slightly longer clearance times (approximately 22 hours) were observed in 
male rats.  The results in rats dosed intravenously with FRD were similar to those observed in 
rats following a single oral dose in a previous study.(1) 

The high level of sensitivity and extended evaluation of the plasma elimination kinetics 
distinguish this work form less robust studies that may employ higher analytical detection limits 
and/or shorter evaluation times.  Less robust elimination kinetics studies may produce 
misleading linearity over the initial elimination phase and introduce uncertainty into any 
subsequent kinetic modeling of the elimination kinetics (Figures 3-4).  The data generated in this 
study provided a basis for cross-species comparisons of FRD-902 plasma elimination kinetics. 

Based on the results of a single dose oral study, mice clear FRD-902 less rapidly than either the 
primate or the rat.(2)  Clearance times in mice following oral dosing were 140 and 60 hours in 
males and females, respectively.  Thus, among the 3 species evaluated, the plasma clearance of 
FRD-902 is most similar and more rapid in primates and rats, with mice have a comparatively 
longer clearance time. 
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TABLES 
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TABLES 

EXPLANATORY NOTES 

ABBREVIATIONS: 
 

LOQ = limit of quantitation 
NA = not applicable 
SD = standard deviation 
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Table 1  
Average plasma concentrations of FRD-902 in primate and rat following intravenous dosing 

 10 mg/kg Primate 10 mg/kg Rat 50 mg/kg Rat 
Time Male Female Male Female Male Female 
Point Average SD Average SD Average SD Average SD Average SD Average SD 

             
0 <LOQ NA <LOQ NA 15 19 11 14 9 7 21 2 

5 min 195,000 20664 222333 78034 78800 38438 62867 9963 377667 27610 363000 48218 
10 min 178,333 14364 212667 36199 - - - - - - - - 
15 min 160,000 19313 190333 37287 56433 4957 31900 917 345000 43966 275000 6557 
30 min 106,700 34892 149000 21656 52500 3869 19767 404 285333 32316 190500 21254 
1 Hr 78,900 16691 100467 14624 45733 6637 6427 863 233333 30989 108967 13058 
2 Hr 44,067 7306 50733 6034 42833 1815 2077 622 162333 32655 33967 4821 
4 Hr 16,467 5552 16167 1069 20933 3239 336 61 58933 21658 4327 460 
8 Hr 5407 2785 4917 857 6703 1661 269 233 19433 13530 842 767 
12 Hr 1951 1308 1413 251 3733 1257 75 19 8923 5312 685 593 
24 Hr 246 184 83 52 776 230 7 4 1884 1556 78 45 
48 Hr - - - - 75 30 16 15 1020 287 84 42 
72 Hr 67 50 28 26 44 7 12 3 147 48 101 51 
96 Hr 15 9 3 2 56 32 6 3 127 60 37 22 
120 Hr 8 2 3 2 41 24 2 NA 112 67 45 23 
144 Hr 8 1 9 6 39 23 2 0.3 89 48 52 16 
168 Hr 4 1 1 NA 22 5 2 NA 76 13 26 4 
192 Hr 3 1 1 NA - - - - - - - - 
216 Hr 4 1 <LOQ NA - - - - - - - - 
240 Hr 4 2 1 NA - - - - - - - - 
264 Hr 5 1 3 0.4 - - - - - - - - 
288 Hr 3 1 1 NA - - - - - - - - 
312 Hr 3 1 <LOQ NA - - - - - - - - 
336 Hr 3 1 1 NA - - - - - - - - 
360 Hr 2 1 2 NA - - - - - - - - 
384 Hr 2 0.4 2 NA - - - - - - - - 
408 Hr <LOQ NA <LOQ NA - - - - - - - - 
432 Hr <LOQ NA <LOQ NA - - - - - - - - 
456 Hr <LOQ NA <LOQ NA - - - - - - - - 
480 Hr <LOQ NA <LOQ NA - - - - - - - - 
504 Hr <LOQ NA <LOQ NA - - - - - - - - 
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Table 2  
Clearance time (hr) in primate and rat following intravenous dosing 

 Primate Rat 
 10 mg/kg 10 mg/kg 50 mg/kg 
    

Male 11 22 17 
Female 10 3 4 

    
 
Note: Clearance time is commonly defined as 

the time it takes to eliminate 
effectively all (98.4%)of the 
administered test substance. 

 

Table 3  
Half-life of FRD-902 in primate plasma over the time interval corresponding to clearance time 

 
Time Interval 

(hr) 
Lambda 
(hr-1) 

Half-life 
(hr) Regression r2 

     
Male 0-12 0.3845 1.8 0.9556 
 4-12 0.2666 2.6 0.9930 
     

Female 0-12 0.4288 1.6 0.9663 
 4-12 0.3047 2.3 0.9998 
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FIGURES 
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Figure 1  
FRD-902 plasma concentration in male and female rats following a 10 mg/kg intravenous dose 
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Figure 2  
FRD-902 plasma concentration in male and female rats following a 50 mg/kg intravenous dose 
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Figure 3  
FRD-902 plasma concentration in male and female primates following a 10 mg/kg intravenous 

dose 
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Figure 4  
FRD-902 plasma concentration from zero to 12 hours in male and female monkeys following a 

10 mg/kg intravenous dose 
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Appendix A  
Protocol for Primate Study 
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Appendix B  
Primate In-Life Report 
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Appendix C  
Individual LC/MS Rat Plasma Sample Results 
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Individual LC/MS plasma sample results. 
 

 FRD-902 plasma concentration for the specified timepoint (ng/mL) for 10 mg/kg dose level 
Animal 
Number Predose 

5 
min 

15 
min 

30 
min 

1 
Hour 

2 
Hour 

4 
Hour 

8 
Hour 

12 
Hour 

24 
Hour 

48 
Hour 

72 
Hour 

96 
Hour 

120 
Hour 

144 
Hour 

168 
Hour 

                 
Rat 1 Male 28.6 53200 52900 48200 43000 41500 22600 5420 2750 562 75.5 51.5 87.6 17.8 65.8 27.2 
Rat 2 Male 2.32 123000 62100 53600 53300 44900 23000 8580 3300 746 104 38.9 57.2 39.3 26.0 20.8 
Rat 3 Male <1.0 60200 54300 55700 40900 42100 17200 6110 5150 1020 44.6 42.4 24.1 66.3 25.7 17.9 

Rat 4 Female 20.8 54300 32100 20000 6290 2670 404 510 95.2 3.66 8.00 14.3 7.78 <1.0 2.42 2.1 
Rat 5 Female <1.0 73800 32700 20000 5640 2130 321 253 73.3 12.1 6.24 14.4 5.99 1.97 1.84 <1.0 
Rat 6 Female 1.16 60500 30900 19300 7350 1430 284 44.1 57.2 5.65 32.9 8.49 2.80 3.02 2.27 2.05 

                 
                 
                 
 FRD-902 plasma concentration for the specified timepoint (ng/mL) for 50 mg/kg dose level 

Animal 
Number Predose 

5 
min 

15 
min 

30 
min 

1 
Hour 

2 
Hour 

4 
Hour 

8 
Hour 

12 
Hour 

24 
Hour 

48 
Hour 

72 
Hour 

96 
Hour 

120 
Hour 

144 
Hour 

168 
Hour 

                 
Rat 1 Male 8.72 354000 296000 273000 206000 142000 44200 10500 7820 1290 1350 117 94.4 94.5 42.1 67.1 
Rat 2 Male 1.54 371000 358000 322000 267000 145000 83800 35000 14700 3650 887 122 196 55.3 87.3 69.1 
Rat 3 Male 15.8 408000 381000 261000 227000 200000 48800 12800 4250 713 824 202 91.5 185 139 90.3 

Rat 4 Female 22.2 383000 274000 166000 93900 30200 4780 498 349 129 38.5 147 12.1 19.1 34.1 28.7 
Rat 5 Female 19.3 308000 269000 201500 116000 39400 3860 307 336 57.6 90.3 109 51.7 58.5 64.7 21.3 
Rat 6 Female <1.0 398000 282000 204000 117000 32300 4340 1720 1370 46.4 122.0 45.9 47.8 57.9 55.7 27.6 
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Appendix D  
Individual LC/MS Primate Plasma Sample Results 
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Individual LC/MS/MS Plasma Sample Results 
 

 FRD-902 Plasma Concentration in ng/mL 
 Male Female 

Time Point Animal 901 Animal 902 Animal 903 Animal 904 Animal 905 Animal 906 
       
0 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

5 min 218000 189000 178000 225000 299000 143000 
10 min 189000 184000 162000 202000 183000 253000 
15 min 177000 164000 139000 174000 164000 233000 
30 min 136000 116000 68100 152000 126000 169000 
1 Hr 94200 81400 61100 104000 84400 113000 
2 Hr 51200 44400 36600 54800 43800 53600 
4 Hr 20300 19000 10100 15600 17400 15500 
8 Hr 5790 7980 2450 4520 5900 4330 
12 Hr 1560 3410 883 1350 1690 1200 
24 Hr 126 458 155 58.0 142 48.3 
72 Hr 22.4 121 57.6 17.8 58.5 9.06 
96 Hr 6.99 24.4 12.7 2.46 5.66 2.07 
120 Hr 5.47 7.49 9.57 4.91 3.14 1.65 
144 Hr 9.09 7.78 7.80 14.8 8.39 2.46 
168 Hr 3.24 3.67 4.98 1.34 <1.00 <1.00 
192 Hr 2.89 2.66 4.08 1.20 <1.00 <1.00 
216 Hr 2.56 3.05 5.27 <1.00 <1.00 <1.00 
240 Hr 2.69 3.38 6.70 1.17 <1.00 <1.00 
264 Hr 4.05 5.90 3.62 3.00 3.04 3.67 
288 Hr 2.74 5.09 2.56 1.29 <1.00 <1.00 
312 Hr 2.17 2.29 3.24 <1.00 <1.00 <1.00 
336 Hr 1.67 4.15 2.88 1.19 <1.00 <1.00 
360 Hr 2.00 2.48 3.01 <1.00 1.79 <1.00 
384 Hr 1.91 2.20 2.77 <1.00 1.99 <1.00 
408 Hr <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 
432 Hr <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 
456 Hr <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 
480 Hr <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 
504 Hr <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 

       

 


